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Purpose

Breast cancer (BC) has been extensively and deeply studied as the number one malignant tumor in women, but its status in male patients, especially in male metastatic patients, is rarely reported. Thus, this study aimed to explore the prognosis and risk factors of male BC with bone metastasis.



Patients and Methods

We searched the Surveillance, Epidemiology, and End Results (SEER) database to identify all patients diagnosed with male BC with bone metastasis from 2010 to 2016. Risk factors of overall survival (OS) and cancer-specific survival (CSS) were analyzed by univariable and multivariable Cox analyses. We also drew Kaplan–Meier plots to show the correlation between independent risk factors and survival.



Results

A total of 207 male BC patients with bone metastasis were included for analysis. Approximately one-third of patients also had lung metastasis. Luminal A subtype comprised 58.5% of the overall patient population. These patients had a poor prognosis, with 3-year OS and CSS rates, 36.7% and 39.5%, respectively. Further analysis revealed that age ≤60 years old, luminal A or B, and surgery were independent predictors of prolonged OS and CSS. On Cox multivariable analysis, brain metastasis was associated with OS and not CSS.



Conclusion

We identified four independent factors associated with prognosis in male BC patients with bone metastasis, namely age, tumor subtype, surgery, and brain metastasis. Knowing these risk factors will help clinicians make more appropriate treatment plans.
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Introduction

Male breast cancer (BC) is a rare malignancy representing less than 1% of all BCs and less than 1% of all male cancers (1, 2). With the increasing incidence of male BC in recent years (3, 4), researchers have begun to pay attention to the treatment and prognosis of this special group (5). At present, the treatment of male BC mainly refers to the treatment of female patients (6). Additionally, compared with female patients, male BC patients had a worse prognosis (7, 8). Bone is not only the most common metastatic site for female BC, but it is also the most common metastatic site for male BC (5). As far as we know, clinical studies on systematic prognosis analysis of male BC patients with bone metastasis are lacking. To date, the standardized treatment of male BC with bone metastasis has not been proven.

Many previous studies have shown that male breast cancer is not the same as female disease (9, 10). Recently, Xie et al. (5)reported that metastatic male BC patients had unique clinicopathological characteristics, which were different from nonmetastatic male BC patients. We cannot help wondering how the prognosis of male BC with bone metastasis and whether its risk factors are the same as those of female patients? Therefore, we applied the Surveillance, Epidemiology and End Results (SEER) database to solve the above questions, which is the largest population database for clinical cancer research. Our findings may provide a better understanding of, male BC with bone metastasis and further improve their prognosis.



Material and Methods


Study Population

Clinical data on BC with bone metastasis were retrieved by using the SEER*Stat version 8.3.8. Since the database only included patients diagnosed with bone metastases after 2010, we only included patients from 2010 to 2016. This population-based database collects information on cancer patients in 18 registries, representing nearly 30% of the US population (www.seer.cancer.gov). In the current study, we included clinicopathological data, sociological data, and treatment data. This study obtained approval from our institutional review board.

When selecting target patients, we define three keywords, namely male, breast cancer, and bone metastasis. Cases without histopathological diagnosis were excluded (n = 3). The patient selection flowchart is shown in Figure 1. Surgery or radiotherapy in this study refers to the primary BC (11). Based on previous literature (12, 13), CSS is defined as the time from initial diagnosis to death due to BC itself. All patients were initially diagnosed with breast cancer and bone metastasis (stage IV), and follow-up surgery refers to surgery on the primary site.




Figure 1 | The flowchart for selection of study population. (SEER, Surveillance, Epidemiology, and End Results; ICD-O-3, International Classification of Diseases for Oncology, 3rd edition; BC, breast cancer).





Statistical Methods

We first performed the univariable Cox regression analyses to rule out nonsignificant survival predictors. We then included statistically significant factors into multivariate Cox regression analysis to identify independent risk factors. At the same time, we calculated hazard ratios (HRs) and 95% confidence interval (CI). We drew survival curves to show the relationship between independent risk factors and survival and applied the log-rank test method for comparative analysis. Variables with two-tailed p < 0.05 were considered statistically significant. All statistical analyses were performed by using IBM SPSS Statistics 21.




Results


Patient Characteristics

Table 1 summarizes the baseline characteristics of 207 male BC patients with bone metastasis identified from the SEER database. Of 207 patients, 74.9% were white. More than half of the patients were aged over 60 years old. High tumor grade was detected in 39.1% of cases. The pathological type of most patients (n = 170, 82.1%) was ductal and lobular neoplasms. In total, 58.5% of cases presented luminal A, 17.9% presented luminal B, and 9.2% presented triple negative. Tumor size distribution was 55.6% and 30.0% for <5 and ≥5 cm, respectively. Distant organ metastasis included the lung (35.7%), liver (13.0%), and brain (8.7%). More than three-quarters (78.7%) of the patients were insured. Over half of the patients were married. In terms of treatment-related variables, 67 (32.4%) patients received surgery, 77 (37.2%) received radiotherapy, and 99 (47.8%) received chemotherapy. Three-year OS and CSS rates for all cases were 36.7% and 39.5%, respectively.


Table 1 | Baseline characteristics of 207 male breast cancer with bone metastasis.





Survival Analysis

On univariable analysis, variables found to be significantly associated with OS and CSS were age, histologic subtype, tumor subtype, surgery, brain metastasis, and liver metastasis (Table 2). There was no significant difference in OS or CSS by race, tumor grade, tumor size, radiotherapy, chemotherapy, lung metastasis, insurance status, and marital status (Table 2).


Table 2 | Univariate Cox analysis of variables in male breast cancer with bone metastasis.



On multivariable analysis, age over 60 years old, other histologic subtypes, triple-negative subtype, no surgery, and brain metastasis were independent predictors of decreased OS (Table 3). Multivariable analysis revealed age, histologic subtype, tumor subtype, and surgery were significant predictors for CSS (Table 3). The Kaplan–Meier survival curves showed that patients with age ≤60 years old (Figure 2), luminal A or B (Figure 3), or surgery (Figure 4) had better OS and CSS. Moreover, brain metastasis had a negative influence on OS (Figure 5) but not CSS.


Table 3 | Multivariate Cox analysis of variables in male breast cancer with bone metastasis.






Figure 2 | Kaplan–Meier method-estimated OS (A) and CSS (B) male breast cancer with bone metastasis stratified by age. (OS, overall survival; CSS, cancer-specific survival).






Figure 3 | Kaplan–Meier method-estimated OS (A) and CSS (B) male breast cancer with bone metastasis stratified by tumor subtype. (OS, overall survival; CSS, cancer-specific survival).






Figure 4 | Kaplan–Meier method-estimated OS (A) and CSS (B) male breast cancer with bone metastasis stratified by surgery. (OS, overall survival; CSS, cancer-specific survival).






Figure 5 | Kaplan–Meier method-estimated OS male breast cancer with bone metastasis stratified by brain metastasis. (OS, overall survival).






Discussion

With the popularization of precision medicine, it is necessary to discuss the clinical difficulty of male BC with bone metastasis. This study first explored the factors associated with prognosis in BC patients with bone metastasis based on the public SEER database. This study found that the significant independent predictors affecting BC with bone metastasis were not as many as expected, including age, tumor subtype, surgery, and brain metastasis. The results of this study provide an important reference value for clinicians to guide patients to receive personalized treatment. In addition, this study is also a good start for clinical research on male BC with bone metastasis.

On the whole, the prognosis of male BC with bone metastasis (3-year OS and CSS rates: 36.7% and 39.5%) was worse than that of female patients (3-year OS and CSS rates: 51.7% and 53.6%) (13), suggesting that the prognosis and treatments of such patients need more attention. Previous studies indicated that older BC patients were prone to bone metastasis (14) and age was an important independent predictor of survival (15, 16). Our multivariable results also highlighted this finding in male BC patients with bone metastasis. A significant difference in survival was not revealed among various races, which was congruent with some previous studies (13, 17). However, other studies found race was an independent prognostic factor among BC with bone metastasis (15, 16). Tumor grade is usually recognized as an independent risk factor for the prognosis of BC (16, 18). Wang et al. (13) recently identified higher tumor grade was an independent predictor of worse survival among female BC patients with bone metastasis. However, this study failed to identify tumor grade as a significant risk factor for survival.

Several researchers have reported an effect of histologic subtype on survival among BC with bone metastasis (13, 19). Although the univariable analysis suggested that the histologic subtype was a significant risk factor affecting survival among our patients, the multivariable analysis did not support this finding. The tumor subtype might be one of the most useful survival predictors in male BC patients with bone metastasis. In line with our traditional knowledge of breast cancer, those with a triple-negative subtype had the worst prognosis. In contrast to a prior study on female BC with bone metastasis (13), we noted that tumor size in the current study was not correlated with survival. Of note, the presence of brain metastasis was an independent risk factor associated with a decreased OS, not CSS. Lung or liver metastases seem to have little effect on prognosis in male BC patients with bone metastasis. Therefore, treatment of brain metastasis may have survival benefits in such patients. Additionally, insurance status and marital status had no association with survival in this study.

At present, standard treatments of BC with bone metastasis have not been established, let alone the treatments of male BC with bone metastasis. In our study, surgery of primary sites was an effective treatment method to prolong the prognosis of male BC with bone metastasis, which was consistent with the situation of female BC patients with bone metastasis (13, 17). Wang et al. (13) found that chemotherapy can significantly improve the prognosis of female BC with bone metastasis, while radiotherapy has no significant effect on prognosis. Interestingly, chemotherapy and radiotherapy did not improve the prognosis of male BC with bone metastasis. Further validation of the different treatment methods of such patients is clinically required.

We need to point out some limitations presented in this study. First, the retrospective nature of this study can lead to bias. Second, endocrine therapy information is not available in the database. Third, recurrence or metastasis data during follow-up were also not available in the database. Additionally, the sample size of this study was relatively small. Relevant clinical studies with larger sample sizes can be carried out in the future.



Conclusions

This is the largest study of survival analysis on male BC patients with bone metastasis. Age, tumor subtype, surgery, and brain metastasis were identified as independent risk factors of survival. Surgery of the primary tumors is recommended for such populations. However, more studies are needed to confirm our results and identify more survival predictors in the future.
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